Changes in cerebello-cerebral responses after hemicerebellectomy were investigated in 19 kittens by laminar field potential analysis in the cerebral cortex. In all of 11 kittens operated on before 11 days of age and kept for more than 16 days after surgery, marked cerebello-cerebral responses were evoked not only contralaterally as in intact animals but also ipsilaterally. In none of 16 intact kittens ranging in age from 2 to 14 days was there a detectable response in the cerebral cortex to stimulation of the ipsilateral cerebellar nucleus.
In the cat, stimulation of the interpositus and the lateral nucleus of the cerebellum induces two distinct types of responses in the frontal motor and the parietal association cortex (Sasaki et al., 1972) . In the frontal cortex, the response is a positive followed by negative wave in the superficial cortical layer, and this wave reverses polarity at a certain depth of the cortex and becomes a negative followed by positive wave in the deeper layer. The response in the parietal cortex is a negative wave in the superficial layer and a positive wave in the deeper layer. Basically, the same responses as in adult cats were observed in kittens (Kawaguchi et al., in prep.) in the frontal cortex at birth and in the parietal cortex two days later.
In laminar field potential analyses, the responsive area is limited to the cortex contralateral to the cerebellar nucleus stimulated in normal adult cats (Sasaki et al., 1972) as well as in normal kittens from newborn to adolescence (Kawaguchi et al., in prep.) whereas in kittens which were hemicerebellectomized before 11 days of age, marked responses were observed not only contralaterally but also ipsilaterally (Kawaguchi et al., 1978) .
The present report concerns an investigation of the ipsilateral cerebello-cerebral response and is directed at answering the following questions: are the properties of the response different from those of the usual contralateral response, is there a critical period after which the ipsilateral response does not appear and finally what are the pathways that form the basis for the ipsilateral cerebello-cerebral response?
It was reported that neonatal lesioning of the interpositus and the lateral nucleus of the cerebellum in rats resulted in the appearance of aberrant projections upon the red nucleus and the VL thalamic nucleus (Lim and Leong, 1975; Leong, 1977; Castro, 1978) . Such results, however, should be attested quantitatively since ipsilateral cerebellothalamic (VL) projections, which dispute the findings by Lim and Leong (1975) and Leong (1977) , have been reported in normal rats (Chan-Palay, 1977; Faull and Carman, 1978; Castro, 1978) .
Methods
Kittens from newborn to adoIescence and an adult cat were hemicerebellectomized. Under Nembutal anesthesia (35-40 mg/kg given i.p.), a craniotomy was performed over the caudal portion of vermis from the foramen magnum and the exposed cerebellum was sectioned sagittally in the midline by a small sharp scalpel. The left hemicerebellum was removed by suction. After surgery, very young kittens continued to be nursed by their mothers, supplementary feeding being given when necessary. Weaned animals were reared in individual cages.
In 27 kittens operated on at various ages (immediately after birth to 196 days of age), electrophysiological experiments were carried out after various postoperative intervals (12-86 days). One adult cat (> 2 years old) was also used for the experiments 160 days after surgery. Postnatal development of the cerebello-cerebral response was investigated pari passu in 126 normal kittens ranging in age from newborn to 148 days. The results in normal kittens are to some extent discussed in this paper. At the end of the postoperative interval kittens were again anesthetized with Nembutal administered i.p. (initial dose 35-40 mg/kg). A tracheal canula and a fine polyethylene tube for saphenous vein were then introduced. Via the latter tube, Nembutal was intermittently administered to maintain anesthesia during the experiments. The level of anesthesia was monitored by electrocorticogram. Respiration was natural, however, at times artificial respiration was necessary. Three sets of concentric electrodes (0.3 mm in outer diameter and 0.2 mm in interpolar distance) for stimulation of the cerebellar nuclei and a pair of similar electrodes for the thalamic nuclei (the anterior ventral and the lateral ventral nucleus) were introduced using Horsley-Clarke coordinates. Usually a brief single pulse of constant current (0.2-0.5 mA in strength and 0.05-0.5 ms in duration, monophasic) was passed through the electrode. At times a train of two or three pulses at a short time interval was employed to elicit marked responses. A glass micropipette filled with Fast Green FCF in 2M Na-acetate was used for the recording of laminar field potentials or extracellular units. Microelectrodes were introduced into the cerebral cortex as perpendicularly as possible to the cortical surface for the laminar field potential analyses.
In four out of 27 hemicerebellectomized kittens and 10 intact animals ranging in age from 2 to 58 days, cerebellar nuclear neurons were sampled with antidromic activation on stimulation of the thalamus. Recording sites in the cerebellar nucleus were usually marked with Fast Green FCF by passing 10 IxA of cathodal current for 10 rain through a micropipette for recording. After experiments, the brain was perfused with 10% formalin solution via the aorta and the tracks of stimulating electrodes as well as the marked recording sites were histologically examined.
Results

Cerebello-cerebral Responses in Normal Kittens
In normal kittens from newborn to adolescence, stimulation of the interpositus and the lateral nucleus of the cerebellum induced two distinct types of responses in the contralateral frontal and parietal cortices. The response was basically the same as reported in adult cats (Sasaki et al., 1972 (Sasaki et al., , 1973 .
In Fig. 1 cerebello-cerebral responses in a 43-day-old kitten are illustrated. Laminar field potentials in A were recorded from the medial portion of the precruciate cortex (on the left side) which is contralateral to the lateral nucleus stimulated (on the right side). The response is a positive followed by a negative wave in the superficial cortical layers at depths of 0 and 250 ~t which reverses polarity at a depth between 250 and 500 ~t and becomes a negative followed by a positive wave in the deeper layers at depths below 500 Ft. Stimulation of the left lateral nucleus, i.e., the nucleus ipsilateral to the cerebral cortex induced a small slow negative wave in the left cortex (B). However, the potential remained almost unchanged through the entire cortical layers. This indicates that such a potential is only a reflection of an actual response of remote places (Sasaki et al., 1973) . No sites were found in the ipsilateral cortex where polarity of potentials reversed in the deeper layers. The potential in the ipsilateral cortex is assumed to be an electrotonic potential coming from an active response of the contralateral cortex. Effectiveness of stimulation of the left lateral nucleus was ascertained by recording from the right frontal cortex in which a marked response (C) was evoked.
The response in the parietal cortex is a simple negative wave in the superficial cortical layer which reverses polarity at a depth between 250 and 500 and becomes a positive potential in the deeper cortical layers. Illustrated in Fig. 1D and F are depth profiles of the response in the rostral portion of the middle suprasylvian gyrus contralateral to the right or the left lateral nucleus stimulated. Evoked potentials in the ipsilateral cortex were again a small slow negative wave through the entire cortical layers (E). A reversal of potential through the cortical layers has been employed as a criterion of a response. Responsiveness of the cortex ipsilateral to the nucleus stimulated was examined in 16 normal kittens ranging in age from two to 142 days. Based on the criterion, none showed a response in the ipsilateral cortex.
Bilateral Cerebello-cerebral Responses in Kittens After Neonatal Hernicerebellectomy
Unresponsiveness of the cortex ipsilateral to the cerebellar nucleus stimulated was clear and unequivocal in normal animals. However, in 11 kittens which were hemicerebellectomized before 11 days of age and kept for 16 days or more after surgery, stimulation of the spared lateral nucleus induced marked responses in the frontal and parietal cortices not only contralaterally but also ipsilaterally.
Responses obtained in two hemicerebellectomized kittens are illustrated in . Records are from the medial portion (3 mm lateral to the midline, 2 mm rostral to the cruciate sulcus) of the precruciate gyrus contralateral (c-MC) and ipsilateral (i-MC) to the spared lateral nucleus stimulated. Responses C and D were from a kitten operated on at the day of birth and kept for 49 days. Records are from the rostral portion (2.5 mm caudal to the bregma, on the top of the gyral convexity) of the ipsilateral middle suprasylvian gyrus (i-PC). The magnitude of the response was measured by the amplitude of negative potential for the frontal cortical response and of positive potential for the parietal cortical response at a depth of 1000 u. The latency of response C and D was measured from the initial shock artifact since a train of two or three pulses instead of single pulse increased the magnitude of response but did not change such a latency. Stimulus parameters: a single pulse of 0.3 ms in duration and 0.32 mA in strength for A and B; a train of 3 the same pulses at 1.9 ms interval. Calibrations are applicable for every record medial portion (area 6) of the precruciate cortex contralateral and ipsilateral to the spared lateral nucleus stimulated. These responses were obtained in a kitten operated on at four days of age and kept for 56 days. The magnitude of the response (see Fig. 2 legend) in the ipsilateral cortex was 70% of that in the contralateral cortex (Table 1) . Values in parentheses are means and standard deviations of potential amplitudes at a depth of 1000 g. Coordinates of recording sites: MC medial portion (2.5-3.0 mm lateral to the midline, 1.5-2.0 mm rostral to the cruciate sulcus) and lateral portion (6.0-7.0 mm lateral to the midline, 1.5-2.0 mm rostral to the cruciate sulcus); PC rostral (2.5-3.5 mm caudal to the bregma), intermediate (6.5-7.5 mm caudal to the bregma), and caudal portion (11.0-12.0 mm caudal to the bregma), on the top of the convexity of the middle suprasylvian gyrus; rostral portion of the lateral gyrus (between 0.5 mm rostral and 0.5 mm caudal to the bregma, on the top of the gyral convexity) the contralateral cortex (C). However, the contour of the depth profile and the level of potential reversal were identical on both sides of the cortex. The latency of the response was slightly longer in the ipsilateral cortex (mean + S.D..; 8.3 _+ 0.13 ms) than in the contralateral cortex (8.0 _+ 0.28 ms). Illustrated in Fig. 3B are the responsive areas and the relative magnitude of the response summarized from 5 hemicerebellectomized kittens operated on before 9 days of age and kept for 43-64 days. The ipsilateral cerebello-cerebral response in these kittens is considered to have fully developed (Table 1) . Summarized results of 4 intact kittens of comparable age are illustrated in Fig.  3A . In the hemicerebellectomized kittens, responses in the ipsilateral frontal cortex were large in the medial portion of the precruciate gyrus whereas responses in the lateral portion were very small. On the other hand, in the contralateral frontal cortex the magnitude of the response was slightly larger in the lateral portion than in the medial portion. The results are similar to those of the contralateral cerebello-cerebral response of normal kittens and of adult cats (Sasaki et al., 1973) . In the parietal cortex of the hemicerebellectomized kittens Table 1 . Responsiveness of the cerebral cortex to stimulation of the cerebellar nucleus in kittens hemicerebellectomized at various ages and examined at various postoperative intervals. The days of age at the time of operation (A) and the days after surgery (B) are indicated by A OP B in this and other tables and figures. A plus or minus sign indicates presence or absence of a response in the cerebraI cortex contralateral (c-MC or c-PC) or ipsilateraI (i-MC or i-PC) to the remaining cerebellar nucleus stimulated. The criterion of a response is potential reversal through the cortical layers. The mean latency and the mean magnitude of response are given in parentheses. The magnitude of response was measured by the amplitude of negative potential for the frontal cortical response and of positive potential for the parietal cortical response at a depth of 1000 g. In four kittens, i.e., 00P 20, 30P 43, 90P 64, and 23 OP 51, the parietal cortical response could not be recorded because of the vulnerability of the parietal cortex (Sasaki et al., 1972 a marked response was found only in the rostral portion of the middle suprasylvian gyrus. The responsive area of the contralateral parietal cortex in the hemicerebellectomized and the normal kittens extended to the middle portion of the suprasylvian gyrus and also to the rostraI portion of the lateral gyrus. The magnitude of the response in the contralateral cortex of hemicerebellectomized kittens did not differ (P > 0.5) from that of normal animals both in the frontal and the parietal cortex.
Critical Period of Surgery for Appearance of the Ipsilaterat CerebeIlo-cerebral Response
Responsiveness of the cerebral cortices contralateral and ipsilateral to the remaining cerebellar nucleus stimulated was examined in 18 hemicerebellectomized kittens at various intervals after surgery at various ages. One adult cat (two years) was also operated on and examined 160 days after surgery. The results are summarized and listed in Table 1 . In 11 kittens which were operated on before 11 days of age and kept for 16-64 days, ipsilateral responses as shown in Fig. 2 were observed in the frontal cortex (11/11) as well as in the parietal cortex (8/11). In three kittens, a response from the parietal cortex either ipsilaterally or contralaterally could not be recorded. Such is due to the vulnerability of the parietal cortex (Sasaki et al., 1972) . In contrast with those kittens surgically treated in the early postnatal period, in one adult cat and four kittens operated on at the age of _> 17 days and kept for 51-160 days, the ipsilateral cortices were unresponsive in a manner similar to normal kittens (e.g., Fig. 1B and E) . Thus, there is evidently a critical period of surgery for acquiring the responsiveness of the ipsilateral cortex, the limit of which is between the 2rid and 3rd postnatal week.
As for the relationship between the number of days after surgery and the emergence of the ipsilateral response, the response was quite apparent as early as 16 days but was not detectable in three kittens at 12-14 days after surgery.
When the postoperative interval was short (e.g., 00P 16, 00P 20, 11 OP 23), the latency of the response was remarkably longer in the ipsilateral cortex than in the contralateral cortex. Such latency difference became insignificant and disappeared within two months after surgery. The latency of the contralateral response shortened as animals grow older. Such latency shortening was within the range of normal developmental change irrespective of surgery. The magnitude of the response was much smaller in the ipsilateral cortex than in the contralateral cortex when the postoperative interval was short (e.g., 00P 16, 20P 19, 00P 20) . The magnitude of the ipsilateral response gradually increased but did not attain that seen in the contralateral response.
Identification of the Pathways Responsible for the Ipsilateral Cerebello-cerebral Response
To elucidate the pathway carrying the ipsilateral cerebello-cerebral response, the following experiments were performed in five hemicerebellectomized kittens. As shown in the inset diagram of Fig. 4 , electrodes were placed in the lateral cerebellar nucleus (S1) and in the lateral ventral (VL) nucleus of the thalamus ($2) contralateral to the cerebellum, and laminar field potentials were recorded from the frontal cortex contralateral (R1) and ipsilateral (R2) to the spared hemicerebellum. The data shown in Fig. 4 are from a kitten surgically treated at three days of age and kept for 43 days. Stimulation of $1 induced a typical motor cortical response on both sides of the frontal cortex as illustrated in A and C. Stimulation of the VL nucleus ($2) induced a marked response of the same properties at a shorter latency in R1 as illustrated in B. Stimulation of this nucleus induced the same type of response also in R2 as illustrated in D. Three intact kittens were examined for control in which a typical motor cortical response was evoked in R1 but not in R2 on stimulation of either S1 or $2. For the ipsilateral cerebello-cerebral response in hemicerebellectomized kittens, three pathways were considered to be possible candidates, as illustrated in the inset schema of Fig. 4 . In the first, the ipsilateral response would be mediated
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Experimental arrangements for identification of pathways responsible for the ipsilateral cerebello-cerebral response and laminar field potentials before and after destruction of the VL thalamic nucleus. The inset diagram shows experimental arrangements: stimulating electrodes were placed in the remaining cerebellar lateral nucleus (S1) and the contralateral VL nucleus of thalamus ($2), and responses were recorded from the contralateral (R1) and ipsilateral (R2) frontal cortex. S1--~R1 indicates the response recorded from R1 on stimulation of $1. $1--~R2, $2--~R1 and $2--~R2 indicate responses in the similar manner. A to D are responses of before and E to G are those of after placing an electrolytic lesion in the VL nucleus. Each column is composed of three records, the top for the superficial cortical potential, the middle for the mid layer potential and the bottom for the deep layer potential. Time of stimulus is indicated by an arrow in each specimen record. Calibrations are for every record. See text for discussion of lower diagrams via transcallosal fibers while in the second the mediation would be via interconnections between neurons in the two thalamic sides. In the third, the ipsilateral response would be carried by a pathway from the cerebellum via the ipsilateral thalamic nucleus to the ipsilateral cerebral cortex. In this case, the response in R2 by stimulation of $2 would be mediated by an axon reflex of cerebellar nuclear neurons projecting bilaterally upon the thamamus. The contralateral VL nucleus was then destroyed by electrocoagulation with the 'electrode placed in $2. As expected, no response could be evoked in R2 by stimulation of $2 (G) whereas the response evoked by stimulation of $1 remained almost unchanged (F). The contralateral cerebello-cerebral response was completely abolished (E) in this animal but remained to some extent in four other animals as the destruction of the VL nucleus was incomplete.
The first pathway can obviously be ruled out. The second one would at first seem feasible since the cerebellar nuclear neurons project not only upon the VL nucleus but also other nuclei, for example, the VA nucleus or the intralaminar nuclei (Mizuno et al., 1975; Itoh and Mizuno, 1977; Chan-Palay, 1977) . However, only the VL nucleus is known to mediate the typical response in the frontal cortex by cerebellar nucleus stimulation (Sasaki et al., 1972) . The third pathway was, therefore, considered to be the most plausible.
The question was then raised as to whether such cerebellothalamic pathways exist. Unitary recordings of cerebellar nuclear neurons with antidromic activation were used for investigation.
'Identification of Cerebellar Nuclear Neurons Projecting Bilaterally upon the Thalamus, and their Distribution Within the Nucleus
In four kittens hemicerebellectomized at 0-5 days of age and kept for 30-40 days, a pair of concentric electrodes was placed on both sides of the VA-VL complex of thalamic nuclei and antidromic responses of cerebellar nuclear neurons were recorded extracellularly using a microelectrode. Figure 5 illustrates two examples of bilateral projection neurons in the cerebellar lateral nucleus that were activated antidromically on stimulation of either side of the thalamus. The units were recorded in a kitten operated on at two days of age and reared for 30 days after surgery.
In A, stimulation of the thalamus ($1) induced a firing of the neuron at a constant latency of 3.0 ms in 8 superimposed traces. The discharge could follow a double shock stimulation (S1 + $1) of 0.9 ms interval in which the first spike was evoked at the same latency as in the single shock stimulation while the second one occurred in the range of the relative refractory period, therefore, at a longer latency of 4.0 ms. When the shock interval was shortened to 0.8 ms, the second stimulus fell into the absolute refractory period and failed to evoke a spike potential. In the same neuron, stimulation of the right thalamus ($2) induced a spike discharge at a constant latency of 2.0 ms. The discharge could follow a double shock stimulation ($2 + $2) of 0.8 ms interval in which the second spike occurred at a longer latency of 2.6 ms because it was in the range of the relative refractory period. The shock interval was then shortened to 0.6 ms, the second stimulus fell into the range of the absolute refractory period and failed to evoke a spike potential. The spike potential induced by stimulation of either S1 or $2 is thus evidently an antidromic response. Then, as expected, stimulus of S1 and $2 collided with each other in a certain range of intervals, which is shown as $1 + $2 or $2 + S1. When the stimulus of S1 was antecedent to that of $2 by 5.6 ms, the latter induced the antidromic response at a latency of 2.1 ms, which is slightly longer than that in the stimulation of $2 alone because of the relative refractory period. When the stimulus interval was shortened to 4.1 ms, there occurred incomplete collision in which the second stimulus brought It is possible to calculate the conduction time of each segment of an axon before and after the point of bifurcation, i.e., the stem axon to the branch point (t3), one branch to the contralateral thalamus (tl) and the other one to the ipsilateral thalamus (t2). The latency of the response on $1 stimulation is tl + t3 and that on $2 stimulation is t2 + t3 and the maximal interval between S1 and $2 stimulation in which the latter collides with the former is considered to be tl + t2 plus the absolute refractory period (R) on $2 stimulation. Of seven neurons in which these values were measured, conduction times in each segment tl, t2 and t3, and the ratio t3/(tl + t3) were calculated and are listed in Table 2 . Fig, 5 . tl + t3: latency in R by S1 stimulation, t2 + t3: latency in R by $2 stimulation, r: absolute refractory period in $2 (or $1) stimulation, tl + t2 + r: maximal interval between $1 and $2 stimulation in which $2 collided with S1 (or $2 collided with $2). tl, t2 and t3: conduction time in each segment of an axon to and from the branch point. In the same kitten as illustrated in Fig. 5 , 49 neurons were sampled with antidromic activation mostly in the lateral nucleus and partly in the anterior interpositus nucleus. Of 49 neurons, 36 were activated only contralaterally, ten only ipsilaterally and three bilaterally. Their latency histograms are given in Fig.  6B -D, respectively. Distribution of sampled neurons is mapped in Fig. 6E and F in which microelectrode trackings were reconstructed from histological sections. As is evident in Fig. 6 , bilaterally or ipsilaterally activated neurons are not localized in a special portion but are widely distributed in the lateral nucleus. On the basis of the spatial and the latency distribution, these neurons are not unique but rather ordinary neurons.
Neurons activated only ipsilaterally were assumed mostly, if not exclusively, to be the bilateral projection neurons. The reasoning is as follows: Firstly, not all of bilateral projection neurons could be activated bilaterally since the VL nucleus is too large for one pair of concentric electrodes to activate fully the entire nucleus. Secondly, the ipsilaterally activated neurons were quite sparse in normal neonatal and older kittens (see Fig. 7 and Table 3 ). Thirdly, there is no evidence supporting the possibility that the increased ipsilateral cerebellothalamic projections in operated kittens (Fig. 7) may come from the aberrant coursing of developing cerebellofugal axons. Cerebello-cerebral responses could be evoked in kittens even on the day of birth, the magnitude of the response (0.92 + 0.27 mV in three kittens) being comparable to that of older kittens (Fig. 3) . The distribution and the magnitude of the contralateral cerebello-cerebral response in the operated kittens did not differ from those in intact animals irrespective of the presence or absence of the ipsilateral cerebello-cerebral response ( Fig. 3 and Table 1 ). Such results strongly indicate that the framework of synaptic connections of cerebellothalamic projections has been established by the day of birth and that the ipsilateral projections in operated kittens mostly come from the crossed cerebellothalamic fibers. The latter explanation is consistent with the results presented in Fig. 4 , that stimulation of the VL nucleus induced a marked response in the contralateral frontal cortex. Such response was observed in hemicerebellectomized kittens but not in intact animals and was considered to be mediated by an axon reflex of 
Antidromic Activation of Cerebellar Nuclear Neurons in Intact and Hernicerebellectornized Kittens
In four kittens including the one shown in Fig. 6 , that is those which were operated on at 0-2 days after birth and kept for 30-40 days, 153 neurons were recorded mostly from the lateral nucleus and partly from the interpositus nucleus with antidromic activation on stimulation of the thalamic nucleus. As illustrated in Fig. 7D -F, of 153 sampled neurons, 121 responded only contralaterally, 21 only ipsilaterally, and 11 were activated bilaterally. Of the bilaterally activated neurons, the latency of the ipsilateral activation differs little from that of the contralateral one ( Table 2 ). The latency distribution of the ipsilaterally activated neurons as well as that of the bilaterally activated ones is similar to that of the contralaterally activated ones.
In control experiments, 150 units were sampled in the same manner from 4 normal kittens ranging in age from 32 to 43 days. Of 150 sampled units, 146 were activated only contralaterally, three were activated only ipsilaterally and one bilaterally. Their latency distribution is shown in Fig. 7A -C. The ratio of the ipsilaterally or bilaterally activated units versus the contralaterally activated units is significantly larger in the operated kittens than in the normal animals (P < 0.005 for the ipsilaterally activated units, P < 0.05 for the bilaterally activated units).
The question is then raised as to whether or not a large number of ipsilateral projections in the operated kittens is newly formed after hemicerebellectomy.
In six normal neonatal kittens ranging in age from 2 to 9 days, 133 units were sampled mostly from the lateral nucleus and partly from the interpositus nucleus with antidromic activation. As listed in Table 3 , only two out of 133 units were activated ipsilaterally and none bilaterally. The ratio of the ipsilaterally or bilaterally activated units versus the contralaterally activated units in the neonatal kittens is not significantly different from that in the older animals (P > 0.5 for the ipsilaterally activated units, P < 0.4 > 0.2 for the bilaterally activated units).
Thus, it is evident that the ipsilateral cerebellothalamic projections in the operated kittens were mostly formed after surgery. It appears safe to exclude the possibility that there might be a considerable number of nuclear neurons which project bilaterally upon the thalamus in neonatal kittens and their ipsilateral projection fibers might regress in normal animals but remain in operated kittens.
Discussion
Cerebello-cerebral responses were observed from the newborn period only contralaterally in intact kittens. Ipsilateral cerebellothalamic projections have been reported in morphological studies in rats (Chan-Palay, 1977; Castro, 1978; Faull and Carman, 1978) and monkeys (Chan-Palay, 1977) . The present study of the unitary recordings from cerebellar nuclear neurons with antidromic activation confirmed the sparse presence of such projections in normal kittens, i.e., only six out of 283 units were activated ipsilaterally or bilaterally. The ipsilateral cerebellothalamic projections in intact kittens appear to be too sparse to mediate a detectable response in the cerebral cortex.
The appearance of the ipsilateral cerebello-cerebral response in kittens after neonatal hemicerebellectomy was concomitant with a remarkable increase in the number of cerebellar nuclear neurons projecting bilaterally upon the thalamus. In good agreement with the electrophysiological findings, morphological studies using horseradish peroxidase (HRP) injection into the thalamus confirmed that the number of ipsilaterally labeled neurons is few in normal animals and that such neurons increased remarkably in operated animals (Kawaguchi et al., 1979) .
It is evident that most of the ipsilateral projections are not due to the persistence of an existent neonatal connection but are newly formed after hemicerebellectomy since such projections in intact kittens are quite sparse in neonatal as well as in older kittens (Table 3 and Fig. 7) .
The question is then raised as to whether or not the increased ipsilateral projections are due to collateral sprouting from the crossed cerebellothalamic fibers or misrouting of developing cerebellofugal axons as suggested by Lim and Leong (1975) and Leong (1977) in studies on rats. The latter explanation appears very unlikely since the cerebello-cerebral response in the frontal cortex could be evoked in kittens even on the day of birth with a magnitude of response comparable to that seen in adult cats and since the responsive areas and the magnitude of response in the motor cortex contralateral to the cerebellum remained almost unchanged from the newborn period through adulthood, irrespective of the presence or absence of surgery. Thus, the most plausible explanation for the increased ipsilateral projections is collateral sprouting from the crossed cerebellothalamic projection fibers. It is consistent with the findings that in operated kittens but not in intact animals, stimulation of the VL nucleus contralateral to the remaining cerebellum induced a marked response in the cortex not only ipsilateral but also contralateral to the nucleus stimulated (Fig.  4) . Experiments of the thalamic nucleus destruction indicate that the latter response was mediated by an axon reflex of the bilateral projection neurons of the cerebellum.
In the bilateral projection neurons sampled, the conduction time in each segment of an axon to and from the branch point varied considerably from neuron to neuron (Table 2 ). However, there was not much difference among the mean conduction times in each segment of axons from the cerebellum to the thalamus (tl + t3 or t2 + t3) and that from one side of the thalamus to the other (tl + t2). The ratio of the conduction time from the soma to the branch point vs. that from the soma to the thalamus t3 (tl + t3) is 0.4 _+ 0.2, the branch point would be considered around the decussation of the brachium conjunctivum if the conduction velocity is assumed to be constant through the entire length of an axon (Uno et al., 1970) . However, the conduction velocity may be much slower in the portion distal to the branch point as in the pyramidal tracts (Shinoda et al., 1976) or in the rubrospinal tracts (Shinoda et al., 1977) . In this case the branch point may be more rostral than the decussation of the superior cerebellar peduncles. Morphological findings with the anterograde HRP tract-tracing method indicate that the latter is more likely, since no fibers which ascended ipsilaterally in the midbrain rostral to the decussation of the superior cerebellar peduncles could be traced. However, some fibers crossing at the decussation of the superior cerebellar peduncles were seen to recross in the thalamus at levels of the parafasciculular nucleus (Kawaguchi et al., 1979) . These findings correspond with the data by Castro (1978) but are inconsistent with the results by other investigators (Lim and Leong, 1975; Leong, 1977) . We have no explanation for the discrepancy between the two groups of investigators since both used the same material and the same method, i.e., rats and the Fink-Heimer method.
The collateral should sprout at a remote place from either the soma or the axon terminal and grow at least 3 or 4 mm in an analogous fashion to that reported in the aberrant optic tract after neonatal lesioning of the retina (Lurid and Lund, 1976) . The newly formed collateral, after running such a long distance must reach the proper target since the responsive area in the ipsilateral cortex was limited to that usually seen in cerebello-cerebral responses. Such processes appear to go on quite rapidly since the ipsilateral response was clearly detectable 16 days after surgery. These processes are faster than would be expected from the study on the septal nuclei (Raisman and Field, 1973) .
Although the collateral sprouting appears mostly responsible for the ipsilateral cerebello-cerebral response, this does not exclude the possibility of terminal proliferation of either the pre-existing or newly sprouted axon collaterals in the thalamus ipsilateral to the remaining hemicerebellum since the proliferation of boutons and replacement of vacated synaptic areas are reported in the lesioning of various structures (Raisman and Field, 1973; Lynch et al., 1976; Tsukahara et al., 1975) .
There is a critical period of surgery for acquiring the ipsilateral cerebello-cerebral response. In all of 11 kittens operated on before 11 days of age and kept for more than 16 days after surgery, the response was clearly observed. On the other hand, in one adult cat and four kittens operated on at -> 17 days of age, such a response was never observed. In correspondence with these results, Leong (1977) has reported that the aberrant ipsilateral projections were observed to grow densely in rats after neonatal hemicerebellectomy and that such projections were not detectable in animals lesioned after 15 days of age. The critical period is much longer than that reported by Kerr (1975) in the axonal sprouting of cervical primary afferents after deafferentation of the trigeminal spinal nucleus.
Although we are not prepared to comment on the functional significance of the reconstitution of the lost line carrying the information from the cerebellum to the cerebral cortex, it is well known that the younger the animal, the better is the compensation after damage to the cerebellum.
